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Téléphone : 02 99 84 71 00 - International : +33 2 99 84 71 00
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Vtl	t4ª½lsadf°Xr}jdfe^ovlsr{q®ovznmtGovqmadf"	df"ªNt4n~4fjdf npovlr{jd~ ¨XjAladflruq aXe^ovj ¬ut¤x
q"t4ewt4lsr{t4j nmf ¬{¨ tvj µr{t4ewf"qmaFovjzruqMo¤¬*°Xjdt/¯¬uf"z~f4|o¤jd qt4e(µr}jdfzr{nsf"q l^o¤jd r}jX§fnssf
°Ar}jdfe^ovlruq"JªNt4nq"t4e!lr{jd~(ewt4lrut4jd±
ikj^lsadfQfru~vaAlruf"|Xe^f lsadtAJ¯Jfnsff §f¬{t4=f"	lmtºovlst4e	o¤lsruq"ov¬{¬}¨(~f jdfnmovlmfª\ove!r{¬{r{f"
t4ª-°4f¨Gxkª;nmovewf"ª;nmt4eµrut4ewf"qmadovjruq"ov¬¹r}jªNt4nse^ovlrut4jd|AlaXdznmt/§Xruzr}jd~TfMo4¨lsjzr{jd~ t4ª
lsadfnmf¬}lsr}jd~®e^tvlsrutvjÜ± `bar{TruTt4jf	lsanst4d~4a ³jr}lmflmovlmfe^o4qmar}jdf"Tqt4jXlsnmtv¬{¬uf
µA¨ azru~4a ¬uf §f ¬dovnpovewflsfns!dqmaovwlmf ¬uf jd~4lsa ovj lmf ª;nmf«Xfjdq ¨±`badf³nsl
ovnstGo4qmaVt4ª9laFovlq¬uo4sruf ³jdf"µX¨·f ¬{l 5"fn * D4gz| D¤ ,y±Jiklfe(µ=f"µr{t4e^fqmaFovjr{qMov¬
°AjtI¯¬{f"~4f t4ª½¬utAq"t4ewt4lsr{t4j r{jXlmt ar{fnmovnmqmar{qMov¬©q"t4jqnnmfjXllmovlmf®e^o4qmar}jdf"w¯aruqma
q"t4jXlsnst4¬Clsadfw~Govr}ltvªoV¨XjAladflruq	°f ¬uflst4jÜ± °f¨Gxy·tlsnsf^ruo4stAqr;o¤lmf"SlmtVfMo4qma
lpo¤lmf4±`badfsf½·t4lsznmf"ovnsf¬{r{jfMovn¬{¨ r{jXlmf ns=t4¬;o¤lmf"lst znmtAzdq"fr}jzxkµ=fl¯Jf"f j®ovj~4¬;o¤n
§4o¤¬{df"±
 ³nsl½ewflsatZ®ªNt4n½f jdznsr{j~jdtvjzxk=fjdf lsnmovlsr{t4j ¯r{laSladf ~4nmtvjd¸¯ar{¬{fºdr}jd~
zr{nsf"ql°Xr{jdf e	o¤lsruqQqt4jdrulsQr}jqmaFo¤jd~4r{j~^lsadf½nmtAt4l¬{r}e(µt4ª?lsafº°4f¬{flmtvj ¯adfj®ladf
=t4nlªNtAt4lqmadovjd~f 2ovl½fMo4qmaEªNtZtvlxlsnr{°fv|¹lsadfTjdf ¯=t4nsl½ªNtAt4lµ=f"q"tve^f½ladf
nmtAt4lM|?r}lm=tr{lsr{t4j µ=fr}jd~®³z»Zf" r{j ¯Jt4n¬u q"tAt4nszr{jFo¤lmf"±S`baru(ewfladtZEruºdf" µX¨
Jnsdzfns¬}r{jVovjd®­*ov¬{§4fnl)* /1,Ê|d¯adtwr{e(z¬;ovlsf½ovjVr}jX§fnlmf·f jdz¬}e ªNt4nqt4ewzlsr}jd~
nmfMo¤¬{rulsr{q(e^t4lrut4j ªNtvnladfwlpovjq"f xy¬uf~±	ikj laFovl½Fov=fn"|9t4jz¬{¨ t4jf½t4r}jXltvªblsaf^zzx
·t4nl©¬{f"~^ewt/§f"ovlo	~4r}§f j lsr{ewf4|F¯ar{qma e	oM¨¬uf"o4lmt¬{r{~4aXls¬{¨o¤nslsr}³dqruov¬Üewt4lsr{t4jd"±
Jnsdzfns¬}r{j	ovjd­*ov¬}§f nsl* <,1r{e!nmt/§flsadfQlmf"qmazjru«GdfµX¨wr{eº¬{lmovjdf"tvd¬}¨ r{eº¬;ovlr{jd~
ov¬{¬lsaff~4nmff"t4ªª;nsf"ft4eV|*¬ufMovzr{jd~SlmtEewtZt4laovj Fovnmove^f lmf nsr 5"ovµ¬{f¯bov¬{°Xr}jd~
~Govr{ls"±Qt4lsf laFovlladfTmovewf(°Xr{jd¸t4ªbovznmtGo4qmaSaFo4ewt4nsf(nmf"qfjXls¬}¨®µ=f"fjSdf"¸ªNt4n
lsadfovjr}e	o¤lsrutvj	t4ªYaXe	o¤jVnjjr}jd~ *à<,Ê±
jdt4ladfn¯*oM¨¸lmte	o¤r{jXlpovr}j¸f »AlsnmoVqt4jdlnpovr}jXlmt4j ladf!ªNtAt4l½=tr}lsrutvjSr{lmtVsf
r{jX§f nmsfw°Ar}jdfe^ovlruq!ov¬u~4t4nsr}lsaew5* =Az|| C1,Ê±btv¬{r{q!f l(o¤¬k±* 1,J³znmldsf^oVlpovjdovnm
zr{nsf"ql°Xr}jdfe^ovlsr{q"ovznmtGovqmaÜ|F~fjdf npovlr{jd~T°4f¨Gxk=tr}lsr{t4jd*lsadovlQovnmfr{jXlsfns=t4¬uovlmf¹±í
´¬uf~vxqt4nsnsf"q lsrutvjY¶wnmtAq"fs!ru lsadf j df" lstSewtZZr{ª;¨ r}jA§vov¬}ru r}jzxkµ=fl¯Jf"f j ·t4lsznmf"32
r{ªJo	ªNtZt4l=fjflsnmovlmflsadf ~4nst4jd¹|Yovj¸r}jA§4fnssf °Ar}jdfe^ovlruqTov¬{~t4nr{lsaze r{½ov¬}ruf®lmt
e^tAzr{ª;¨ºr{lm·t4r{lrut4j¹|XlaXdbewtZf ¬{r}jd~½q"t4jXlpovql*¯r}lsa	ladf©~4nst4jd \sff 2-ru~vnmfQg
 ±9©
adt/¯j r{j * D1,y|?ladfsfq"t4jdovns¨Elpo4° nst/§Ar{f" µX¨ r}jX§fnssf	°Xr{jfe^ovlsr{q	ovznmtGo4qmaf"
e	oM¨^µ=fdsfVlst e^ovr}jAlmovr{j^lsadf½qmaFovnmo4qlsfn àµFov¬uovjdq"fv±
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­bt4ewdovnmf lmtladfzr{nsf"q lTf"ru~4j tvª°f¨Gxyª;npovewf"|Cladf	°Xr{jdf e	o¤lsruq lmfqmajr{«Xf"Tnmf¼x
sfjXlsf" ovµ=t/§f¸nmf ¬{¨7t4j o qfnslmovr{jKjdzfnmlpovjzr{jd~ t4ªºladf¸µFo4r{q ¯*ov¬}°Xr{jd~ e^tvlsrutvj
e^fqmaFovjr{ew"|Üovl©¬ufMovlª;nst4e o^znmf¬}¨zf"sq nsr}lsr}§fT·tvr{jXlt4ªC§Xruf ¯½±(`badf «GFov¬}r{l¨t4ª
lsadfe^t4lrut4j laAbnmf ¬{rufJtvj^lsaf©«GFov¬}r{l¨ t4ª¹ladfQewtAf¬\r{f4±Ylsadf³jr{lsfQlpovlsfQe^o4qmar}jdf
lsaFovlC¨XjAladf"r 5f"Jladfe^tvlsrutvj  |¤npovladfnClsadovj!t4j	o¤j^o¤nslsr{l àí°Ar}¬{¬{"± (©jdft4ª1lsafe^ovr}j
o4z§vovjXlpo4~4f"!t4ªQladf"fVewtZzf¬u(r{Tlsadfar{~4a ¬{f§4f¬Fovnmove^f lmf nmTlsadf ¨ nmt/§Xruzf \dqma
o4§4f¬{tZq r{l¨|1lsf ¬{fjd~4laÜ|Fflsq  |1¬uf"o4zr{j~ lst^lsafº~f jdfnmovlsr{t4jtvª?ª\ove!r{¬{r{f"t4ª?zr64=fnsfjXl
~Govr{ls"±SQjdtvlsadf n!o4z§vovjXlpo4~4f	ruºladf¬ut/¯ q"tl t4ª©qt4e!lpo¤lsrutvjd"±E`badfq"t4e!¬{f »Ar{l¨
t4ª9r}jA§4fnssf°Xr}jdfe^ovlsr{q½ov¬u~4t4nsr}lsaewbru 8 Db¯r}lsanmf"·fqlQlmtwladf½jAze(µ·f n©tvª=t4r}jAls
Êzdf½lmt lsafr}jA§4fnsrutvjt4ª-lsadfºo4qt4µr;o¤jVe^ovlsnr}»  |ZµlQr{jq"flsadfov¬{~t4nsr}lsaerudzx
ov¬{¬}¨	dsf ªNt4n©tvjdfº¬uf~|Flsar{©tAf"©jt4l©aFoM§4fTovj®r}ew=t4nslmovjXl©f4·fqltvj®lsadff39!qr{fjdq ¨
t4ª9qt4e!lpo¤lsrutvjd"±
tlTadt4nlmq"tvewr}jd~ºqt4ewfwª;nmtve ladf	~ft4ewflsnruq!r{jXlmf ns=t4¬;ovlrut4jSnstZqf"s¯aruqma
rudf"EªNtvn½~fjdf npovlr{jd~r}jAlsfne^fzr;ovlsfºª;npo¤e^f 2½ovjd~v¬;ovnlnpo¤fqlst4nsr{f"½ovnsf r}jdf ·f jzx
fjXls¬}¨ qt4ewzlmf ªNt4nTfMovqmaSt4r}jXlM|Cov¬}lsadt4~4a lsafnmfadt4¬{ µ·fo lsnmtvjd~ q"t4z¬{r}jd~
µ·f l¯bffj t4r}jXle^t4lrut4j"± Vt4nsf"t/§f nM|ladfSr}jXlmfn·tv¬;ovlrut4j znmtAq"f"e^oM¨ ³¬}lmfnladf
r{jXlsnr{jdruq®z¨XjFo¤ewr{q"t4ªlsadf ¬utAq"tve^t4lrut4j¹|*¬ufMovzr{jd~ lst o ¬{tst4ªnmf"ov¬{r{eV± ? o4l¬{¨4|
ov¬{ladt4d~4a ewtlTlmfnnpovr}jd!ovnmfjdtvlFovlM|Clsafnmfru(jtEf"o4¨ ¯boM¨ lmt¸~fjfnpo¤lmf¯*o¤¬{°Gx
r{jd~!e^t4lrut4jt4j¸ownst4d~4a lsfnnpovr}jª;nmtveladf"fTovnstGo4qmadf"±`badfTovdovlmovlsr{t4j®t4ªíladf
¯*ov¬}°(lmtqma	lmf nsnpo¤r{jd?¯Jt4¬{waFoM§flmt½µ=ff¼»A¬{r{qr{l¬{¨ºf"qnsr}µ·fw¯ar}¬uffr{~4jr{j~½ladf
e^tAf¬y±
ÓYÓ ÝAê  ì¼èpëMépõ	pù
 A     %  $ 	 	 $
   )^  
`badfJzf"~4nsf"fbtvªznmf"ov¬{r{e tvªdo¯*ov¬}°Xr{jd~e^tvlsrutvjr{ÜadfMoM§Xr{¬}¨f=fjdovjXl?t4ªZlsadfCnmf=f"q l?t4ª
aX¨Zruq"ov¬d¬;oM¯"±!
Q¨XjFove!ruq"Co¤nmto4qmadf"íe^oM¨ºµ=fsf"!fr}lsadf níªNt4no4Zr{jd~½q"tvjdlnpovr}jAls
lsaFovlC~vFovnpo¤jAlsf"fQoq"fnlpovr}j nmfMo¤¬{rue lstºonsf"f ³jdf"we^t4lrut4j¹|t4níªNt4nCzr}nmfqls¬}¨(¨AjXladf x
r 5 r{jd~(ladf¯*o¤¬{°1±í©r{jladfnmf §Ar{t4dsfqlrut4jÜ|¯Jf³nml~4r{§4f½o adt4nlQ~v¬ut4µFo¤¬·nmf §Xruf¯
t4ªQladfz¨XjFove!ruq"Tr{e(z¬;ovlrut4j lsf"qmajr{«Gdf" µ·f ªNt4nmffsq nsr{µzr{jd~¸lsadfovz¬{r{qMovlrut4jdlmt
aAze	ovj¯bov¬{°Xr}jd~±
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lsadf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nmf¬}lsr}jd~ewt4lrut4j Nnmf"Ü±?nmtvlpovlrut4j 
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 r}lm?e^o4sovjd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adfnsf  r{ ladflmt4ns«Xf4|½lsadfr{jdf nslr;o®e	o¤lsnsrÇ»=|4 ru lsadfVovjd~v¬;ovnT§4f¬{tZq r{l¨ ovjd 	4
lsadf!ovjd~v¬;ovnovq"q"f ¬uf npovlrut4jÜ± ¢Z¥4¡! #"£   ¥G  r{lsadfwov¬}ruq"ovlsr{t4j t4ªJlsadfsf ¬;oM¯
¯aruqma qMov¬{q¬uovlmf	ladfe^tvlsrutvj ~fjdf npovlsf" µX¨ oS~4r}§f j ªNt4nsq"fv± ­btvjA§4fns¬{¨4| "$%A¢¤ &
# #"£   ¥G  e^f lsadtAq"ov¬uq ¬;ovlsflsadfªNt4nsq"flaFovl¯Jt4¬{V~f jdfnmovlmfoT~4r}§fjewt4lsr{t4jÜ±
`baff«GFovlsr{t4jdo¤µ·t/§fadtv¬u	ªNt4no(r{jd~v¬uft4¬{r{¹±CA=f"q r{³dqewfladtZz *&=DZ|=Z|·/Z|¹ ,
aFoM§fTµ·ffjSdsfSlstov¬}¨lsaf"sf f«Xdovlsr{t4jdlmtovjEovnlsr{q¬uovlmf °f ¬uf lmt4jÜ|ÜewtZzf¬uf
o4ºoaruf npovnsqmaX¨¸t4ª*nsr{~4ru¸t4¬{r{ \jFovewf¬}¨®lsafw¬{r}e(µd©q"t4jjf"qlsf" µX¨t4r}jAls"± ª;¬{¬
f"qnsr}lsr{t4j t4ªlsadfsfe^f lsadtA(r{(µ·f ¨t4jd lsafq"t4=ft4ªlsar{(Fov=fnM± ²Efµnsr{f ¨
f"qnsr}µ·fladfl¯bt µFo4ruq½ovznmtGo4qmaf""±
`baf^³nmlºewfladtZE¯*o4r{jXlsnstZzq"f"EµA¨Sisoo4q"(ovjd ­bt4afj * =BD1,bovjd nsf¬{r{f"t4j
o ? o4~4npo¤jd~4r;o¤j ªNt4ne	ov¬}rue±  Qr{jd~ ~4fjdf npov¬}r 5"f q"tAt4nszr{jFo¤lmf" Êf"o4qma7¬{r{eºµ ovj~4¬;o¤n
·tr{lrut4j ru f¼»Zznmf"sf7r}j r}lm ª\ovlsafn  ¬utAqMov¬qtZt4nszr{jdovlmf¨Almfe |*o ´~4fjdf npov¬}r 5"f
e	o4Je^ovlsnr}»')( qMovjµ=fqt4ewzlmf¹±­bt4e!lsr}jd~ewt4lrut4jwlsadf jewfMo¤jdbt4¬{§Xr{j~Tovj
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Generation
Kinematic locomotion
Motion modification
Inverse Dynamic
Balance Control
Comfort Control
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oºjdt4ne	ov¬F¯bov¬{°^ovjd	oºlsr{nsf"^¯bov¬}°^o¤nmf©nsf"q"tvnmf¹±JVt4nmft/§fn"|zªNt4nJlsadfsflmfqmazx
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adfj ¯Jfe^t/§ftvn
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f »zo4~~f npovlr{jd~z|1f lmqv± ¼±½Vt4nsf"t/§f nM|·larulmfqmajru«Gdfe	ov°4f"©r}lQ=tr{µz¬uf½lmtwr}jXlmfn·tv¬;ovlsf
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e	ovj¬{tZqt4ewt4lsr{t4jQr}jXlmt*lsaznmf"f?e^ovr}jqMovlsf"~tvnsruf 2¹°Xr{jdf e	ovlruq9ovjr{e^ovlrut4jÜ|z¨XjFove!ruq"ov¬{¬}¨Xx
µFo4sfSovjr{e^ovlrut4j®ovjd®ewt4lsr{t4jzxovlpo!f"zr}lsrutvjÜ±½`-o¤µ¬uf	Te!e	ovnr 5f"©ladf(e	o¤r{j ovZx
§4o¤jAlmo4~fwo¤jd adt4nlmq"tvewr}jd~(t4ª©ov¬}¬*lsadfsflmfqmajru«Gdf"± `badfr}n!f§4f¬utve^f jXlwt/§4fn
lsr{ewfadt/¯ladf½f§tv¬{lrut4jt4ªYlsadf³df ¬u 2
< fsf"ovnmqmadf nm³nmlbo¤lslmf ewzlmf" lmt½nmf nmtAzdqfQt4ewf·fqr}³dqµ·f aFoM§Ar{t4nmCµX¨(nstvx
§Xruzr}jd~®oV¯boM¨ lst®f"qnr{µ=f^lsadfsf	f4·fqls"±S`baru°Xr{jd tvªovnstGo4qma nmf«Gr{nsf"
o®¬ut/¯ qt4e!lpo¤lsrutvjFov¬*qtl ¯ar{qma zf=fjd!t4j lsaff¬{f"qlsf" r{jXlmf ns=t4¬;ovlrut4j
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ª;jdq lsrutvjÜ± 
Qf"~4nsf"f"9t4ªª;nmff"tveovnsfJqt4e!lmf(sf Fovnmovlmf ¬{¨|o4-r}ªzlsaf¨¯bf nmf*f¼x
q"t4z¬uf¹|4¯ar{qma!r}jX§t4¬}§f"Co©ladf"tvnmflruq"ov¬qt4ewzlpovlrut4j(q"tlCt4ª  8 Dr}ª 	ru-ladf
jXe(µ=fnt4ª-f"~4nsf"fQt4ª-ª;nmff"t4eV±í²adfjlpo¤°Ar}jd~ q"t4jlsnmovr{jXlstvjVªNtAt4l¤~4nmt4zjd
q"t4jXlmo4ql!r{jXlmtEo4qq"t4jXl"|ovj o4zr}lsrutvjFov¬qtlwt4ª  8  Dru!~fjdf npovlsf" µA¨ ladf
nmf«Xzr{nmf r{jX§f nmsf°Xr{jdf e	o¤lsruq^ov¬u~4t4nsr}lsaeV± Qf§4fnlsadf ¬uf""|bladf«GFov¬}r{l¨ tvªladf
e^tvlsrutvj e	ovr}j¬{¨Sf ·f jdwt4j ladf«GFov¬{r}l¨ ovj lsaf«GFo¤jAlr{l¨ tvª©°Xjdt/¯¬uf~f
jdf"qf"movn¨ lmt®nmf nmtAzdqflsadffr}nmf" f34=f"q lM± 2dt4nºaAze	ovj ¬{tZqt4e^tvlsrutvjÜ|Yladf
¯*oM¨	ladf½ovjd~v¬;ovnblsnpoIf"qlst4nsr{f"qmaFo¤jd~f½f=fjzr{jd~ t4jar{~4a¬uf §f ¬ÜFovnpo¤e^f lmfns
ÊdqmaVo4*§f ¬utAqr{l¨4|zlmf¬{fjd~4laÜ|Zª;nsf"«Gdf jdq¨o¤jd	adfr{~4aXl ado4*lmt(µ=ffsqnr{µ=f"
´oTnsr{t4nsr 'p±`baXd|·lsafºfru~vjdfnQ~fjfnpo¤¬{¬{¨ado4lst	qnsfMovlsf(o jdf¯ ewtZzf¬ª;nmt4e
sq npovlsqmaVlst^o4qq"t4zjAlªNt4no(jdf ¯ f34=f"q lM±
< Zf§4fnmov¬o¤nmto4qmadf"	ovlslsfe!lmf lmtSr{e!nmt/§4fladf"fVewtZf ¬u jdf n^ladfaX¨Gx
·tvlsadfruQlsaFovl½Z¨Ajdovewr{q"©¬uoM¯¯bf nmfTnmf=t4jdr}µ¬ufªNt4ne(dqmaSt4ªlsaf"sfTf4·fqls"±
VfladtAJnstZZdqr}jd~´z¨XjFove!ruq"ov¬{¬}¨Xxkst4zjd¶Jewt4lsr{t4jdí¯bf nmfQf§4f¬utv·f¹±Zt4ewf
t4ªYlsadf edle^tAzr}ª;¨wladfnmf"¬{lsQtvª9°Xr{jdf e	o¤lsruqQe^tAf¬{"± (©lsadf ne^f lsadtA~t
ª;nsladfnµX¨ Zr{nmfql¬{¨Vfe(µ=f"Zr{jd~z¨XjFo¤ewr{q"r{j ladfTq"tvewzlpovlrut4j¸t4ªJovj~4¬;o¤n
lsnmo¤f"q lmt4nruf"±C`baXd"|Fq"tvjAlnmt4¬}¬uf nmovz¬{r{f"	lmtTewt4nmf©t4n¬ufsq"tvew¬{f »^e^fqmaFovjrÇx
qMov¬ewtZzf¬uaFoM§4fµ=f"fjnmfsfjXlsf"¹± Qf §fnlsadf ¬ufs"|=ªNt4n©qt4e!¬uf¼»e^tAf ¬udqma
o49ladf*aXe	o¤jTµ·tAz¨|vlsadfqt4ewzlpovlrut4jdov¬Aq"tlír{jdq nmfMovsf"?r}j  8  DYZdf*lmt©ladf
r{jX§f nmrut4j t4ª¬;ovns~f^e^ovlsnruqf""± Vt4nmft/§fn"|bt4e^ftvªQladfz¨XjFove!ruqMo¤¬{¬{¨Gxkst4j
e^tvlsrutvjd*tTjdt4l¬{tZtv°^nmf"ov¬{r{lruq4±
< Vt4lrut4jqMo¤lsnsf¨Almf eado/§4fµ=f"f j®¯ruzf¬{¨^dsfznr{jd~ lsaf¬uo4lªNf¯ ¨fMo¤nm
ªNt4n qnsfMovlr{jd~ jdf ¯ ovjzr{e^ovlsr{t4jdºtvªQ§Xr{nlsFo¤¬*aXe	o¤jd"± `badfsfVovnstGo4qmadf^o4x
ewflaFovl	nsfMov¬}rulruqe^tvlsrutvjd^q"ovjµ·ft4µlpo¤r{jdf µA¨ f"zr}lsr}jd~ ovj7ljr}jd~ o
¬{r}µnpovn¨Tt4ªÜewt4lsr{t4jwdovlpoZ±í`barubdovlpo½ruµFo4sft4jq"ovlsznmf"	ewt4lrut4jÜ|Gµzlbe^o/¨
ov¬utTr{jdq ¬{dfovnlsr}³dqruov¬¹ewt4lsr{t4jdq"tvewzlmf"¯r{laVnsf§Xrutvd©o¤nmto4qmadf"±`badf
q"t4e!lmovlsr{t4jFov¬=q"t4lru*¬{tI¯   8 D Jµ=f"q"ovdsf½f"o4qma ovnlsr{q¬uovlsr{t4j^r{q"t4e!lsf"
sf Fovnpo¤lmf¬}¨±Q¬}lsadt4~4af§4fnpo¤¬íq"t4jX§Xr{jqr{j~	ovjr}e	o¤lsrutvjd*aFoM§fºµ=f"f j fru~vjdf"
dr}jd~	lsaf"sf(ewfladtA"|¹ladf(Fovnmove^f lmf nq"t4jXlnmt4¬-ru©jdtvl½r{e!¬{f2o^jXe(µ=fn½t4ª
lsnr;ov¬=ovjdf nsnst4n*r{lsfnmovlsr{t4jdCru*t4ª;lsfj	jf"f"zf"µ·f ªNt4nmftvµlpovr}jr{j~ladff"r{nsf"	nmf¼x
¬}lM±Ct4nmftI§4fn"|ZlsafQewtZzr}³dqMo¤lsrutvjdCov¬}ruf lstnsf"f ³jdf	lsnpoIf"qlst4nsr{f"aFoM§f
lmtµ=fe^ov¬}¬r}j t4nmzfn(lst fjdnmf	laFovl(ladf^nmf¬}lsr}jd~®sf«Gdfjdqfnsfe^ovr{jnmf¼x
ov¬{r{lruq4±?nmtvµ¬uf e^QdqmaEo4©o/§4t4ruZr{jd~^r}jXlmfnxk=fjdf lsnmovlsr{t4jtvªílsadfºªNfflr}jXlmtwladf
~4nmtvjd^ªNt4nJf"Zr{lmf^ewt4lsr{t4jd"|Aovj	fjdnsr}jd~(jdt4jZx¬}ruzr}jd~½q"t4jXlmo4ql*ªNtvnJladfzzx
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·tvnsl¬uf~|1ovnmf½jdt4laFovjdZ¬uf"µX¨ewtlQtvª?lsadfsfºovnstGo4qmadf"±² f½µ·f ¬{r{f§f½lsadovl
lsadfsflmf"qmazjru«Gdf¯bt4z¬uV¬{fMo4lmt!§fn¨Vznmt4e!rur{jd~ f §f¬{t4ewfjXlmr{ª?ladf¨Vovnsf
q"t4z¬uf¯r{la °AjtI¯¬{f"~4f(t4j aXe^ovj e^tvlsrutvj®ovj®¯r{lsa¸Z¨Ajdovewr{qMov¬}¬{¨Gxkµdo4sf
q"t4jlsnmovr{jXls"±
Qjdt4ladfn r}ew=t4nslmovjXlº=t4r{jXl(r{(lmt µ=fVo¤µ¬uf^lst¸qmadtZt4sflsadfewfladtZ laFovl zr{lm(ladf
µ·flo=f"qr}³dqovz¬{r{qMovlrut4jÜ± 2dt4nr{jdlpovjdqf4|A°Ar}jdfe^ovlruqe^tAf¬{Jq"ovj	µ=fq"q"fsª;¬{¬}¨
ov¬}ruf"	lst(§Xr{nslFov¬¹nsfMov¬}r{l¨wovz¬{ruq"ovlsr{t4jd¯adfnsfo¤¬{¬·=tr{µz¬ufµFo4ruq©ewt4lrut4jd*ovnmff¼x
ru~vjdf"r{jKovz§vovjdq"f¸o¤jdjdt z¨XjFove!ruq"f4·fqlr{	nmf"«Gr}nmf¹± `badfsf e^f lsadtAovnsf
r}lmf"wlmtºnsfMov¬Çxklsr}e^fo¤jr{e^ovlsr{t4j!t4ªsf §f npov¬·qmaFovnpovqlmf nm* g4<,Ê±
Q¨XjFove!ruqe^tAf ¬uCaFoM§f
lmt	µ=fºdsfSr}j¸t4lsafn§Xr{nlsFo¤¬9nmf"ov¬{r}l¨Vovjr{e^ovlrut4jdlsadovlff¬}¨nmf ¬{¨t4j aX¨Aruq"ov¬{¬}¨Gx
µFo4sfVr}jAlsfnmo4qlrut4jd± 7Qt/¯Jf§4fnM|1nmfqr{sfr{eº¬;ovlrut4jlsf"qmajzru«Gdf"lsaFo¤lQaFoM§4f(oTadfMoM§X¨
q"tl(e	o¤°f^ladf	q"tvjAlnmt4¬*t4ªsf §fnmov¬qmaFovnmo4qlsfnsTzr69!qz¬{lºr}j adovnmf §Xr}nslsdov¬JnsfMov¬}r{l¨
ov¬}ruqMo¤lsrutvjdJdqmao4*lsadf    ®¨Almfe *À ,Ê±
Q¨XjFove!ruqQlmf"qmazjru«GdflaFovlnsf"«Gr{nsf
t41xy¬{r}jdf½q"t4e!lmovlsr{t4jdQado/§4f(npovnsf¬}¨µ=f"f j¸dsf¸r}j¸ovdZrut/§Xrudov¬?o¤¬{r{qMovlrut4j \dqma
o4(=f"q r;ov¬*f34=f"qls(r{j q r{jdf e	o
µ·fqMovsft4ªlsadf r{n¬;o4qm° t4ªq"t4jXlnmt4¬y± Jzl(r{e!nmt/§4f"
e^tAf¬{ q"t4¬{ ³zjdoE~4tZtA ³f¬u t4ªo¤¬{r{qMovlrut4j(lsadf nmfVr}j ladfVª;zlsnsf4± 2-r{jdov¬{¬}¨|
e^t4lrut4jZxdovlmo¤xkµdo4sf	ovjr}e	o¤lsrutvj^lmfqmajr{«Xf"Qovnmfr{lmovµ¬ufªNt4n§Xruftvx~ove^f*ovjVo¤zx
¬{r{qMovlrut4jdír}j^ewtI§Xr{fnstZZdqlrut4jÜ±?f ªNfnmf jdq"fewt4lrut4jdovnsfQ³nslq"ovlnmfovjd^ladfj
lsjdf¸fr{ladfnµX¨Vlsadf(dfnt4nlstst4¬}§f(ladfTfjX§Xr{nst4jewfjXl½q"t4jlsnmovr{jXls yo4do¤lsr}jd~o
qMovlnmfewt4lrut4jlst^ovjt4lsadf n¨XjXlsadf lsr{q¯Jt4ns¬{ ±`badfsflmf"qmazjru«GdfQt4=fnr}jAlsfnsf"lx
r{jd~qMo¤Fovµr}¬{r{lruf"± 2dt4n½r{jdlpovjq"f4|lsaf¨¸f »Ansf"(fewt4lsr{t4jd N¯aruqmaEe	oM¨®µ=f!ov¬{nsfMo4z¨
q"t4jXlpo¤r{jdf^r{j	ladfq"ovlsznmf"ovlpo
íe^tvnmf©f"o4r}¬{¨TlaFovjaX¨Ar{qMov¬}¬{¨GxkµFovsf"wlmf"qmazjru«Gdf"±
2dzlsnsfº¯btvns°®f jaFovjq"f"½ewt4lsr{t4j®fzr{lr{jd~^lsf"qmajzru«Gdf"µX¨ ovq"q"tvjXlsr{j~	ªNt4nz¨XjFove!ruq
f34=f"qlsovjdt4lsafn~4¬utvµFov¬1°AjtI¯¬{f"~4ftvjewt4lrut4jÜ± (jladft4lsafnaFovj¹|aX¨Aruq"ov¬{¬}¨Gx
µFo4sfSewtAf¬{e	oM¨¸ov¬{stµ=f r}ewznmt/§f¹|Yovjd¸q"t4z¬ufS¯r}lsaS°Ar}jdfe^ovlruqºlsf"qmajr{«Gdf"
r{jt4nmzfnlmtTµ=fov¬}ruf"	lst!r}jXlmfnmo4qlr{§4f½o/§vovlmovnmt4nlstTµ·f aFoM§Ar{t4npo¤¬Ür}e(¬;o¤lsrutvjd"±
ikjqt4jdq¬}dr{t4jÜ|/¯JfCµ=f¬}ruf §f?lsadovl¹lsafC§vovnrut4·e^f lsadtA¹¯JfíaFoM§fínmfsf jAlsf"adt4z¬u
jdt4lµ=f(dsf ov¬{t4jdf4|=µl½npovladfn½qt4e(µr}jdf"So4qq"t4nszr{j~	lmtlsadf ·fqr{³q ov¬}ruqMo¤lsrutvj
¯aruqma!ru?zf§f ¬ut4=f"·±íQj r{jXlmf nmflsr}jd~¯*oM¨Tlsttlaru-ru?lmto4ovlílsaf¬{f§4f¬Ft4ª1f lpovr}¬
r{jewt4lrut4jV~fjfnpo¤lsrutvj¯adf j o!qmaFovnmo4qlsfnqt4e^f©q ¬utfn5*À/g<,Ê|=¯azruqma®e^oM¨µ=fºzt4jdf
µA¨	¯r{lsqmar{j~ ª;nst4e o(ewtZzf¬¹lstwo¤jdt4lsafnt4jdfv±JZf§4fnpo¤¬-qmadov¬{¬{fjd~4r}jd~ºnst4µ¬{few*dqma
o4lsadffr{~4jtvª9e^tAt4lsalnpovjdr{lrut4jd*ovnmf½lr{¬}¬·lmtTµ=f½st4¬}§f"r{jlaruovnsfMoz±
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O((nm)  )2
O(n  )3
O(n  )3
hard interactive control
no automatic dynamics effects
no automatic dynamics effects
coherence between modules
Desired dynamics effects
coherence between modules
implies ad’hoc constraints
Huge computation cost
Computation cost
calibration of parameters
physical realism vs. natural looking
volume of the motion database
Disadvantages
O(n)
O(n)
Cost
dynamically-sound interpolation
avoid unrealistic dynamics effects
accounts for dynamics effects
automatic simulation code gen.
Realistic trajectories
Computation cost
ensure realistic poses
low computation cost
Advantages
Procedural approaches
Editing Motion Data
Simulation
Space-time constraints
Dynamic constraints O(n)
Kinematic correction
Model
`-ovµz¬ufTB2­bt4e!Fovnrut4jµ·f l¯bffj®ladfe^tAf ¬u"±
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Unit é de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY
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